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Experimental . 
50-100
of wash solution proved to be ample for the canplete removal of plutonium(III) with concentrated acid or uranium(VI) with dilute
The particle size of the resin selected was 100-200 mesh. Some nesh resin was tried, but it permitted the solution to flow too rapidly for ccmplete adsorption of the uranium.
Oxidation States
The separation of uranium from plutonium(III) involved no difficulties once the proper oxidation states WIW achieved, but we wem unable to accomplish this by the old method when large amounts of plutonium were present. Plutonium metal dissolves in hydrochloric acid to plutonium(III) which is slowly air oxidizedto plutonium. Uranium
Any ofa large to uranium(III), but it is oxidized to (IV) more rapidly.
number of reagents will oxidize uranium to uranium(VI ), but any plutonium that is oxidized will not be separated from the uranium. The procedure formerly used was to oxidize everything to the higher oxidation states and then reduce the plutonium selectively to plutonium(III). Hydriodic acid was used for the reduction. It is an effective reducing agent in concent=ted hydrochloric acid, but the free iodine produced adheres so strongly to the resin that the column's capacity to adsorb other ions is sharply reduced. With large amounts of plutonium, hytiiodic acid was not found to be practital.
It was found that a lhnited amount of bromine water could be used to ensure complete oxidation of the uranium without affeeting veqy much plutonium. In accordance with the observations of Metz and Waterbury (J), uranium(III) is oxidized preferentially because uranium(IV) reduces plutonium(IV) and (VI) to plutonium(III). The small amount of plutonium that is oxidized and stays with the uranium in the first pass through the column can easily be selectively reduced and separated fran the uranium by a second pass through the column. After the plutonium (and any iron present) is completely reduced with hydroxylamine in dilute hydrochloric acid, a single drop of stannous chloride solution is added before increasing the acid concentration. This is not enough to cause significant interference in the uranium determination, and it delsys air oxidation of the plutonium and iron after the acid concentration is increased.
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Re-Use of the Resin
Elimination of the use of hydriodic acid had the advantage that the same resin could be used n?peatedly uranium was eluted with dilute with concentrated hydrochloric with no appanmt deterioration. After the hydrochloric acid, the main was washed acid and was ready for another sample.
If the solution"drained below the surface of the resin overnight or over a weekend, letting air into the columns, a reverse flow of water under pressure was used to force the resin up into the reservoir, fmm which it could settle into the column again.
Sample Size
Using the double paas through the column, it was found that the sample size could be greatly inc~ased. However, incomplete recovery of uranium was experienced when 5 grams of plutonium was used. It WaS thought that adsorption of the uranium by the resin might be affected by the high concentz%tion of plutonium ions. For the columns used, 3
gramsof sample in a volume of appradmately 30 milliliters was found to be most satisfactory.
Effect of Diverse Ions
The details for the spectrophtianettic determination of the uranium with Arsenazo were taken from Hues and Henicksman (2) who made a rather intensive study of the subject. They indicate that, by using sodium cyanide and EM!A as masking agents, essentially all of the impurities -1o- after the first pass were relatively constsnt and were assumed to be due to a tmce of plutonium left with the uranium. However, it was found later that this blank was due to the use of an old stannous chloride solution --hence the caution under Reagents to p~pare the solution fresh frequntly. Using a fresh stsnnous chloride solution, the above operation was~peated with plutonium frcm several different lots,and the blank was found in enry case to be less than O.00'jabsorbance units.
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APPARATUS AND REAGENTS

"
Apparatus
Beakers, pynx, n-ml.
Columns, ion-exchange, l-x 10-cm. with a coarse glass frit. These are made by fusing a sealing tube with a glass frit to the bottom of a 40-ml. centrifuge t~e and making a diagonal cut just below the frit. See Figure 1 . The column is filLed with Dowex-1 x 2 anion exchange resin, chloride form, 100-200 mesh. The resin is added as a water slurry to exclude air.
Flasks, volumetric, 25-ml.; and~-ml. ,~rex.
Hot plate, equipped with a Variac control outside the drybox.
LSJQS , infra-red.
Pipets, volutric, 3-ml. and~-ml. 
SAFETY PRECAUTIONS
Any operation involving the hsndling of plutonim-containing materials must always he done in laboratories designed for adeqpate protection of the worker, and only under approved conditions. It is the responsibility of the individti worker to thoroughly understand snd rigidly follow the health and safety ties pertaining to his work. You are specifically cautioned to use particular care in the handling of plutonium or any of its compounds in dry, finely divided form. It is well to remember that the average particle size of room tempemture oxide is less than 5 microns, snd the lifetime body burden of plutonium is 0.6 microgrsm.
RECOMMENDED PRWEDURE
Dissolve a 3-gram weighed portion of the plutonium metal in concentrated hydrochloric acid. This step should be accomplished in a n-ml. pyrex volumetric flask, and the additions of acid must be slow and cautious. Make the solution to about 30 ml.. , about 9~in hydrochloric acid. Add with stirring 3 drops of saturated bromine water.
Prepare an ion-exchange column by washing it with about 10 ml. of concentrated hydrochloric acid. Transfer the ssmple solution to the column, using 5 ml. of concentrated hydrochloric acid in small portions to rinse the beaker. When the solution has drained through the resin, wash the column with just enough concentrated hydrochloric acid to remove the obvious blue color of plutonium(III) from the resin. Replace the receiver with a %)-ml. beaker and elute with 20 ml. of O.lN hy&ro-chloric acid, using smsll portions at first to wash down the s~des of -15-the reservoir above the nesin. Evapomte the eluate to dryness on the hot plate with the aid of heat lamps, keeping the temperature below the boiling point. Meanwhile, wash the resin columi with 10 ml. of concentrated hydrochloric acid. .
Take up the~sidue, which consists mostly of plutonium(IV), in a few drops of concent?xrted hydrochloric acid and dilute to 3 ml. with O.~. l@rochloric acid. Add 10 drops of hydroIwlamine solution and return the beaker to the hot plate for 5 min. to~duce the plutonium to plutonium(III). Cool the solution, add 1 drop of stannous chloride solution end 5 ml. of concentrated hydrochloric acid, and again transfer it to the column, using 5 ml. of concentmted acid to rhse the beaker. Wash the column more thoroughly this time, using about 20 ml. of concentxwted hydrochloric acid to remove sll of the plutonium(III) and any iron(II). Again elute the uranium with 20 ml. of O.~hydrochloric acid and evaporate to dryness.
Take up the residue in 3 drops of concentrated hydrochloric acid and wash down the sides of the beaker with water. Add 4 dXOpS Of Sodium cyanide solution end adjust the pH to the phenolphthalein end point with dilute ammonium hydroxide. Add 5 ml. of triethanolamine buffer solution and 3 d. of Arsenazo~agent solution. Transfer the solution to a 25-ml. volum&ric flask and make to volume with water. After 1 hr. messura the absorbance at 600 w in a l-cm. cell, using a carefully p~pand resgent blank in the reference cell.
The calibration curve is a straight line through the origin to at least 200~g. of uranium, so a standard at one concentration &y simul.taneously with the sample and a factor calculated. A amount for the standards is 100 ug. of uranium, which will .-absorbance reading of about O.~0.
IiEmu31LITY
To detemine the reliability of the method, a was made on "known" materials. The plutonium be analyzed convenient give an series of determinations used waa high purity electron fined metal. For concentrations in the O-to 10-parts per million range, any uranium in the metal was removed by the method described in the fiz%t part of the Recommended Proceduzw. Known amounts of uranium were then added to the purlfied plutonium to get the desind
concentrations. For higher concentrations, the uranium content of the metal was carefulJy dete?.mined, and the smount waa included in the calculated total. The additional uranium neetid was added as a measumd smount of standaxi uranium solution. This was placed in a beekr, and the plutonium was dissolved in contact with it in order to duplicate as nearly as possible the axidation-n?duction conditions that would be encountered in actual.samples. The results of these summarized in Table 1 . 
